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Insulin Secretion by Isolated Islets in Pres'ence of Glucose, Insulin and 
Anti-Insulin Serum. (31773) 

WILLY J. MALAISE, FRANCINE MALAISSE-LAGAE, PAUL E. LACY, 
AND PETER H. WRIGHT 

Department of Pathology, Washington University School of Medicine, S t .  Lods, Mo., and 
Department of Pharmacology, Indiana University School of Medicine, Indianapolis 

TWO methods have recently been intro- 
duced for measurement of insulin secretion 
in vitro. In one( 1 ) , small pieces of pancreas 
from the rat are incubated with guinea pig 
anti-insulin serum (GPAIS) which serves two 
purposes. The antibodies to bovine insulin 
combine with the secreted hormone before 
i t  can be destroyed by lytic substances re- 
leased from the acinar tissues, and their neu- 
tralization during incubation gives a measure 
of th.e rate a t  which insulin is secreted. In  
the second method ( 2 )  individual Islets are 
isolated after treatment of the rat pancreas 
with collagenase. Secreted insulin, which is 
not then exposed to the lytic effects of any 
acinax tissue, accumulates in the incubation 
medium and can be measured by conventional 
methods 04 immuno assay. By using a com- 
bination of these techniques, i t  is here shown 
that the insulin content of an incubation me- 
dium has no effect upon insulin secretion by 
isolated Islets of Langerhans. 

Materials and methods. Isolated Islets were 
obtained from the pancreas of the normal rat 
by the method described by Lacy and Kos- 
tiancmky ( 2  ) and incubated ( 5 or 1.0 islets/ 
1.0 ml) in a bicarbonate-buffered medium 

equilibrated with oxygen (95%) and carbon 
dioxide (5%) and containing bovine serum 
albumin (iO.S%, w/v; bovine albumin, Frac- 
tion V, Sigrna Chemical Co,, St. Louis, Mo.). 
To this medium, as required, were added glu- 
cose (30, 150 or 300 mg/100 ml), rat insulin, 
and GPAIS. The rat insulin (19.5 U/mg; 
Lot No. R 564; Novo Research Institute, 
Copenhagen) was dissolved in dilute acetic 
acid (0.676, vJv, glacial) to give a stock 
solution (100 mU/ml) which was stored in 
the frozen state. The same batch of guinea 
pig anti-insulin serum (Lot 270) was used 
throughout. A stock sulution (876, v/v) was 
prepared in phosphate buffer (0.1 M; pH 
7.0) containing bovine albumin ( l%,  WJV) 
and stored in the frozen state; no change in 
insulin binding potency of this diluted GPAIS 
(86.4 t 0.4 mU bovine insulin/ml, n = 7)  
was observed over the short period ( 7  days) 
needed to complete the present studies. 

To study destruction of added insulin by 
pancreatic tissue, constant amounts of un- 
labeled (540 pU/ml, PJ 4600, Eli Lilly and 
Co., Indianapolis) and 1311-labeled (60 pU/ 
ml; 9.6 mcJmg; In  281-2, Abbott Labora- 
tories, North Chicago, Ill.) bovine insulin 
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were incubated in the presence of isolated 
islets (10 islets/ml) or a similar number of 
small pieces of acinar tissue. At varying 
times up to 90 minutes later, aliquots (0.8 
ml) of media were removed and added to a 
suspension of finely divided cellulose ( lo%, 
w/v; M N  300, Macherey, Nagel and Co., 
Duren, Germany) in phosphate buffer (0.1 
M, pH 7.0). Thirty minutes later and after 
centrifugation, the radioactive contents of ali- 
quots of supernatant solutions were measured. 
The radioactive contents of these solutions, 
for reasons given elsewhere( 3) ,  were assumed 
to be proportional to their contents of de- 
natured or damaged insulin and are expressed 
as a percentage of the total added radio- 
activity . 

To measure insulin secretion, groups of 5 
Islets were first incubated for 30 minutes in 
a medium (1.0 ml) containing only glucose 
(100 mg/100 ml) and then for 60 minutes in 
a separate medium (1.0 ml) containing, as 
required, glucose, rat insulin or GPAIS. When 
GPAIS was present in the medium, unneutral- 
ized antibodies were directly assayed in an 
aliquot (0.6 ml) of the incubated medium. 
Otherwise, an aliquot (0.4 or 0.5 ml) of that 
medium was first allowed to react for 30 min- 
utes a t  37°C with a constant volume (0.2 or 
0.5 ml) of appropriately diluted GPAIS, and 
then assayed for unneutralized insulin anti- 
bodies. The method of assay has been de- 
scribed in detail ( 1,3 ) . Under the conditions 
here used, and as shown in Fig. 1, unneutral- 
ized antibodies measured during the assay 
are linearly related to the amount of rat in- 
sulin initially present in the samples; a more 
detailed account of these reactions will be 
published elsewhere. Insulin secreted (mean 
t SEM) from 5 islets into the medium (1.0 
ml) during incubation is equated to the de- 
crease in reactive antibody content of that 
medium. 

Results. The lytic effects of isolated islets, 
small pieces of acinar tissue, and of media 
from which the latter had been removed are 
summarized in Fig. 1. They show that like 
media incubated for similar periods in the 
absence of any tissue, media containing iso- 
lated islets have no lytic effect upon added 
insulin during 90 minutes. On the other hand, 
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FIG. 1. Insulin binding poltencies of constant 
volumes (1.35 ~ 1 )  self GPAIS (Lot 2'10) after in- 
cubahion for 60 minutes at  36°C with increasing 
amounts of rat insulin. Insulin binding (ordinate) 
is quoted BS munits bovine bound by ma  afiter 
treatment with rat insulin (abscissa). The tho- 
retical relationship is shown as a dobted Line. 

FIG. 2.  Percmhages of added insulin dewtuyd  
during 90 minutes by media containing no m- 
cubated tissue (Controls), isolated Islets (Islets), 
and comparable amounts of isolated a.cinar (tissue 
(Aainar tissue); and by medium previously in- 
cubated with acinar ltissue but from which this 
tissue had been removed (Exocrine exudate). Each 
PO& represents (the mean 'of 5 t o  9 individual ob- 
servations. 

media containing small pieces of acinar tis- 
sue, and to a lesser extent media from which 
such tissues had been removed after 45 
minutes incubation, destroyed added bovine 
insulin at a rapid rate. 
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TABLE I. Mean Insulin Output (k SEM) by 5 
Islets Incubated in Absence (Control) or Presence 
of GPAIS. Number of observations (in parenthe- 
ses) and significances of differences in  secretion 
rate (P) are given for each glucose concentration. 

Secreted insulin 
(&U/5 islets/60 min) Gluca se 

(mg/lOO ml) Control GPAIS P 

30 62 2 7 (9) 58 -+ 9 (9) >0.7 
150 3 7 6 t 2 2  (9) 3 5 6 2 2 2  (9) >0.6 
300 800 & 68 (12) 860 82 (12) >0.5 

Since isolated islets do not destroy added 
insulin, they were incubated under various 
experimental conditions to assess the effects 
of ]GP,4IS and insulin upon secretion. 

1. Effect of added GPAIS on secretion. As 
shown in Table I insulin secretion rose as 
the glucose content of the medium was in- 
creased from 30 to 300 mgj18010 ml. The 
amount of insulin found in media to which 
no GF’AIS was added until the incubation 
was complete was the same as that secreted 
into media to which GPAIS was added at 
the outset. 

2. Eyect of added insulin on secretion. 
When rat insulin (6c)I0-1,0100 pU) was added 
a t  the beginning of incubation for 60 min- 
utes, and the GPAIS at the end, there were 
no significant differences in insulin secretion 
rates at 3 concentrations of glucose from 
those observed in the absence of added in- 
sulin (Table 11). 

Discussion. The present results demon- 
strate that neither insulin nor GPAIS have 
a direct effect upon insulin secretion. That in- 
sulin could have such an effect was suggested 
by Haxsberger and Ramsay (4), who found 
a less marked degranulation of the beta 
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cells after simultaneous administration of 
glucose and insulin to guinea pigs than after 
glucose alone. However, these preliminary ob- 
servations were not confirmed by Logo- 
thetopoulos et al( 5) .  More recently, Frerichs 
et al(6), using pancreatic tissue of the rat, 
produced evidence to suggest that insulin ad- 
ded to an incubation medium could inhibit 
secretion. However, they took little account 
of the lytic effect of such tissue which has 
a marked effmt on incubated insulin( 1) ; they 
also used a bioassay for the measurement of 
insulin. 

More suggestive evidence has been pro- 
vided by Logothetopulos, et d (  7 )  who 
showed that degranulation of the beta cells 
and pancreatic insulin depletion over 5 hours 
were much more marked in rats injected with 
GPAIS than in rats maintained at a com- 
parable level of hyperglycemia with infused 
glucose. They tentatively concluded that 
this difference could be due to the creatiofn by 
GPAIS of a steep gradient of insulin con- 
centration across the membranes separating 
the blood containing no free insulin, and the 
beta cells with their large stores of hor- 
mone. In view of the present result this 
explanation is unlikely to be correct and some 
other factors must be responsible for the 
rapid depletion of the granules in the pan- 
creas of the rat injected with GPAIS. As 
pointed out by Logothetopoulos et al them- 
selves, the insulin deficiency due to GPAIS 
leads not only to hyperglycemia, but to other 
metabolic changes which are quite different 
from those induced by glucose infusion of the 
normal animals. The effect of such metabolic 
(and poss,ibly hormonal) changes on insulin 

TABLE 11. Mean Insulin Output ( 2  SEM) by 5 Islets Incubated in Presence or Absence of 
Rat Insulin. Amount of secreted insulin is  calculated as the difference between insulin contents 
of meilia before (added) and after (recovered) incubation. Also shown here is the significance 
of differences in secretion rate in presence or  absence of insulin, at the 3 glucose concentrations. 

Insulin (pU/5 islets/60 min) 
- - 

Glucose Recovered - Added = Secreted 
(mg/100 ml) after incubation before incubation P 

30 164 2 37 (7) 0 164 -t- 37 >0.4 
716 2 34 (7) 596 2 3 1  (3) 120 -c 47 

150 321 34 (9) 0 321 2 34 >0.9 
942 & 43 (9) 622 2 19 (3) 320 & 77 

1664+38 (9) 1 0 6 4 ~ 5 7  (3) 600 +- 73 
300 700 2 93 (9) 0 700 +- 93 >0.4 
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secretion remains to be investigated. 
The present findings are not incompatible 

with the effects observed after repeated ad- 
ministration of exogenous insulin in vivo. 
Several investigators have reported a decline 
in the insulin content of the pancreas(8,9). 
In such animals, hypoglycemia has been 
reported, and this could explain the reduced 
insulin content of the pancreas, for Parry 
and Taylor( 10) have recently shown that in- 
sulin synthesis in isolated pancreatic tissue 
is related directly to  glucose concentration 
in the incubation medium. 

Summary. Isolated Islets of Langerhans 
from the rat's pancreas were incubated in 
media containing varying combinations of 
glucose, rat insulin, and guinea pig anti-in- 
sulin serum (GPAIS). Neither insulin nor 
GPAIS modified the rate a t  which insulin was 
secreted in response to glucose. The concept 
that insulin in the fluids surrounding Islet 
tissue can inhibit secretion of insulin by 
;the p-cells is disuussed in the light of 
these results. 
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New Metabolizable Immunologic Adjuvant" for Human Use. 
6. Disposition of Radioactivity after Administration of Labelled Vaccine 

To the Rat. (31774) 

CURT C. PORTER AND DAVID C. TITUS (Introduced by M. R. Hilleman) 
Merck Institute for  Therapeutic Research, West Point, Pa. 

Previously, it was shown( 1-3) that emul- 
sions prepared with Adjuvant 65 were almost 
as effective immunologically as preplaratlions 
which contained mineral oil, but were con- 
siderably less irritating. Since all of the 
components of the adjuvant are forms of 
normally occurring dietary substances, they 
should be either metabolized or excreted by 
the animal organism. Histologically, i t  was 
shown that the initial deposits in the muscle 
became diffusely encapsulated and gradually 
disappeared. However, there was no infor- 
mation on the manner in which the com- 

*Adjuvamt 65. 

ponents were disposed of after injection as 
the unique adjuvant-vaccine formulation. 
Consequently, 3 different preparations, each 
containing one of the adjuvant substituents 
labelled with carbon- 14, were administered 
to rats. From radio counts of the injection 
sites, carcasses and excreta, it is concluded 
that the adjuvant is absorbed, and its com- 
ponents are metabolized or excreted. 

Materids. Aluminum monostearate car- 
b 0 ~ y - C ~ ~  was supplied by Dr. C. Rosenblum, 
Merck Sharp & Dohme Research Labora- 
tories, Rahway, N. J. It had a melting 
point of 190-194', and the ash content, 




